The effects on patient oxygenation of nitrous oxide, narcotic and epidural analgesia in labour were evaluated using pulse oximetry. Five groups of ten patients received either no analgesia (Control, Group 1), an epidural block alone (Group 2), nitrous oxide in oxygen alone (Group 3), intramuscular pethidine (Group 4), or nitrous oxide in oxygen combined with intramuscular pethidine (Group 5). Derived parameters included the maximum (MAX), minimum (MIN), average maximum (A V MAX), and average minimum (A V MIN) arterial haemoglobin oxygen saturation (Sao}), and differences between maxima and minima (MAX-MIN). There was a statistically significant difference between Group 1 and Group 5 for MIN, A V MIN and MAX-MIN Sa02 (P < 0.05). All other groups showed no significant difference in any parameter when compared with the control group. The results are discussed with reference to normal and disordered maternal physiological changes in pregnancy. It is suggested that nitrous oxide should not be used for analgesia in labour where there is concern about maternal, placental or foetal reserve.
and possibly III association with other sedatives.
In view of concerns about the possible additive effects of hyperventilation-induced hypocapnia, respiratory depression due to narcotics and diffusion hypoxia secondary to nitrous oxide inhalation, we chose to study the effects of current analgesic methods on patient oxygenation as evaluated by pulse oximetry.
METHODS
The study was approved by the Royal Women's Hospital Research and Ethics Committees. Seventy-five women in the the first stage of labour gave informed consent to participation in the study. Twenty-five were later excluded either because their analgesic group changed during recording or because they were distressed and did not wish to continue with the study.
Patients were selected in presenting order and were categorised into one of five groups based on the type of analgesia that they had received: Group 1 -those who had received no analgesia (control group). Group 2 -patients with good analgesia from an epidural block, no opioid in the preceding 150 minutes. Group 3 -patients using nitrous oxide (N 2 0/02) for every contraction. Group 4 -patients who had received intramuscular pethidine within the previous 150 minutes. Group 5 -patients using N 20/02 during every contraction having also received intramuscular pethidine in the preceding 150 minutes.
The analgesic method used was solely the decision of the patient's obstetrician and no attempt was made to influence its selection or management. The study was terminated after ten patients had been studied in each category.
The maximum and minimum arterial haemoglobin oxygen saturations (Sa02) were recorded for each contraction over five successive contractions using a pulse oximeter (Ohmeda Biox model 3700) connected to a chart recorder (Hewlett-Packard model 7132A). Inspired oxygen was measured using a polarographic oxygen monitor (Ventronics model 5570).
Derived parameters included the maximum (MAX), minimum (MIN), average maximum (A V MAX), and average minimum (A V MIN) Sa02, and differences between maxima and minima (MAX-MIN).
The values obtained for MAX, MIN, AV MAX, A V MIN and MAX-MIN Sa02 for each group were compared with Group 1 (Control) using the Mann-Whitney (one-tailed) test for non-parametric data.
RESULTS
Analysis of the five groups showed that patients were well matched for gravidity and parity (using a contingency table at the 0.05 probability level), and for weight (Kruskal-Wallis test, P < 0.05).
The mean values of the derived parameters for each group are shown in Table 1 . There Anaesthesia and Intensive Care, Vol. 17, No. 4, November, 1989 was a statistically significant difference between Group 1 and Group 5 for MIN, AV MIN and MAX-MIN Sao2 (P < 0.05). All other groups showed no significant difference in any parameter when compared with the control group. The standard deviation of all values from the mean was less than 1.5%.
FI02 was 0.21 for all patients breathing room air, and mean values of 0.69 (range 0.90 to 0.62) and 0.65 (range 0.73 to 0.55) for those in Groups 3 and 5 respectively.
Two patients had a MIN Sao2 of less than 80%. One was a 109 kg, gravida 4, para 1 patient who had been in established labour for 3.5 hours and who was using N20 alone for analgesia. She recorded Sao2 values A V MAX 100%, AV MIN 85% and swings to 75% on at least two readings out offive at a mean FI02 of 0.62.
A second patient, weight 64 kg, gravida 1, para 0 had been in labour for eight hours, had received pethidine 100 mg IM 75 minutes prior to recording and was using N20 at the time. Her Sao2 values were A V MAX 100%, AV MIN 92% but swings to 77% were recorded, at a mean FI02 of 0.55.
The pattern of Sao2 swings in these two cases were notable for their variability when compared with patients in Group 1 (control).
DISCUSSION
Nitrous oxide continues to be widely used for inhalational analgesia in obstetrics,2 partly because its use may be initiated and supervised by nursing staff, it may be selfadministered by patients, and it has a relatively high degree of safety for both mother and foetus. 3 However, there is a theoretical concern for the safety of inhalational analgesia in labour. include a reduction in functional residual capacity, decreased total compliance, an increase in alveolar ventilation and increased oxygen consumption so that functional respiratory reserve late in pregnancy is significantly reduced, accelerating the onset of hypoxia and resulting in more rapid fluctuations in anaesthetic level in response to changes in inspired gas concentration. 4 These changes, combined with the significant reduction in minimum alveolar concentration (MAC) in pregnancy5 and further reduction of MAC by narcotics, also place the parturient using inhalational analgesia at risk of loss of consciousness and potential pulmonary aspiration. 6 Diffusion hypoxia has been extensively studied in general anaesthesia. 7 -10 The typical respiratory pattern of marked hyperventilation during a contraction followed by profound hypoventilation or periods of apnoea between contractions makes a degree of diffusion hypoxia likely. In the present study, two patients who demonstrated profound desaturation were both using nitrous oxide.
Maternal physiological changes in pregnancy
Difficulty in anticipating the onset of a contraction in order to achieve optimal analgesia with N2011 results in many patients receiving concomitant parenteral narcotics. In our series only those patients using N 20/02 during every contraction who had also received intramuscular pethidine in the preceding 150 minutes showed a significant decrease in Sa02. This is consistent with work by Mather who has shown that the mean plasma pethidine half-life after a 100 mg intramuscular injection is 4.7 hours with considerable inter-patient variability. 12 Rirr et al. have demonstrated increased end-tidal PC02 and decreased slope and sensitivity to carbon dioxide challenge at serum pethidine concentrations required for analgesia. 13 . The effects of other sedatives such as promethazine would add to any potential for significant respiratory depression.
Healthy mothers with normal placental function and good foetal reserve probably have reasonable tolerance to transient arterial desaturations. Pre-eclamptic patients, however, with diminished perfusion and oxygen supply to various tissues including the foetus, also have a left-shifted oxyhaemoglobin dissociation curve, compromising release of oxygen to the tissues. 14 There may be difficulty in determining the adequacy of placental perfusion at term, and the potential for N 2 0induced diffusion hypoxia makes a compelling case for selecting alternative analgesia (epidural instead of N20) if cardiotocography suggests placental insufficiency in labour. Pre-existing maternal respiratory or cardiac disease should also represent relative contra-indications to the use of nitrous oxide analgesia in labour. CONCLUSION We have demonstrated that obstetric patients using N20/02 during every contraction having also received intramuscular pethidine in the preceding 150 minutes are more likely to experience arterial de saturation than those using other forms of analgesia.
Nitrous oxide appears to remain a safe and convenient form of inhalational analgesia for the parturient in labour provided its use is based on appropriate indications and includes active supervision. Caution should be exercised where narcotics have been recently administered. Alternative methods, preferably epidural analgesia, with reliably and continuously increased inspired oxygen concentration should be used where there is likely to be poor maternal or foetal tolerance of transient arterial oxygen desaturation.
